Abstract: Forest fires have profound impacts on the spatial distribution of vegetation type and density. This research analyzes the impacts of the 2002 Ponil Fire in New Mexico on landscape patterns using a moving-window analysis of landscape metrics. Categorically derived landscape metrics and a measure of fire severity-the Normalized Burn Ratio-are used to produce a quantitative, spatial distribution of landscape change. While gross land-cover change summaries and landscape-metric changes indicate a more heterogeneous landscape following the fire, the moving-window approach demonstrates the oversimplification of landscape-scale metrics and summaries. The moving-window approach indicates that the majority of areas in the landscape were unchanged in mean patch size, whereas mean (and median) patch size increased according to landscape-level measures. Contrary to expectations, average patch density and richness were also nearly unchanged. The moving-window approach is particularly helpful in analyzing large fires with considerable variability in severity, allowing greater insight into the relationship between fire severity and landscape composition and structure in post-fire landscapes. The moving-window approach also can guide researchers and managers to specific areas of a landscape where large changes have occurred and where evidence for understanding the process driving that change is most likely to be found.
INTRODUCTION
Forest fires and the landscapes where they occur interact and influence each other dynamically. Forest fires affect the amount and distribution of many environmental variables in both space and time at multiple scales (Crutzen and Goldammer, 1993; Pyne et al., 1996; Bond et al., 2005) . While fire regimes have long-term effects on vegetation type, they also have short-term effects on ground cover, surface albedo, soil erosion, water and air quality, and wildlife habitat. Fire also responds to spatial and temporal variation in the physical environment: topography, vegetation, climate, disturbance, and land use history. The response of fire to this spatial and temporal variation is manifest in the observed variability of fire severity, frequency, and size of forest fires (Shinneman and Baker, 1997; Veblen et al., 2000; Schoennagel et al., 2004; Schumacher et al., 2006; Trouet et al., 2006) .
Reconstructions of stand structure (Covington and Moore, 1994; Fule et al., 1997; Mast et al., 1999) and fire history (Swetnam and Baisan, 1996; Fule et al., 1997) in the U.S. Southwest indicate a roughly synchronous change in the fire regime and forest structure for southwestern ponderosa pine (Pinus ponderosa) forests. Many traits of ponderosa pine-thick bark, resinous needles, flammable litter, and rapid seedling growth-indicate that frequent, low-severity fires were an important ecological variable in the evolutionary environment of the species . The above traits were well suited to a fire regime of frequent (interval of around 2-20 years), low-severity fires (Swetnam and Baisan, 1996) that resulted in low-density, open stands prior to Euro-American settlement of the southwest (Covington and Moore, 1994; Fule et al., 1997) . Fire suppression that accompanied settlement has been blamed for upsetting the historic relationship between ponderosa pine and fire, effectively removing an ecological variable that shaped the species' life-history characteristics. Removing this variable has resulted in hyper-dense forests that accumulate live and dead fuels, which has led to infrequent, large, high-severity fires outside the range of historic variability.
Because stand structure and fire regime have been so changed since EuroAmerican settlement, and fire suppression has been the norm for so long, relatively little is known about how modern fires affect southwestern ponderosa pine forests. Stand-replacing fires in southwest ponderosa pine forests, when examined several decades after the fires, appear to result in three typical vegetation communities: high-density ponderosa pine, mixed-shrub, or meadow. The successional pathways of these communities, however, are not clearly understood (Savage and Mast, 2005) . Fire severity can vary geographically within a single forest fire and successional outcomes may be linked to this spatial variability. Better understanding of the spatial variability of fire severity and how vegetation responds is necessary for improved management of forest resources and knowledge of post-fire succession.
Although forest fires can reorganize landscapes into patches of different types, sizes, shapes, and locations, it is possible for a drastically reorganized post-disturbance landscape to have the same spatial-pattern parameters as the pre-disturbance landscape when traditional landscape metrics are integrated over the landscape. This fact makes using many landscape metrics problematic for understanding the effects of spatially variable, landscape-scale disturbances. "Traditional landscape metrics" is used here to describe measures developed and commonly used to quantify landscape characteristics, such as the size of patches in the landscape, the amount of habitat edge, the aggregation or fragmentation of the landscape, and so forth. These metrics are often mean values of: (1) all patches in a particular land cover class (class-level metrics) or (2) all patches in the landscape (landscape-level metrics).
A number of problems have been documented with the use of landscape metrics, especially for examining landscape change and comparison. Many landscape metrics are correlated with one another, their statistical distributions are not well understood, and they are easily misinterpreted. Many landscape metrics have skewed distributions, which are a problem for assessing landscape change and comparing mean values from different locations. Further, while landscape metrics are often used to detect changes in "spatial arrangement," traditional landscape metrics are not capable of measuring rearrangement of patch locations (Hargis et al., 1998) .
It is the goal of this research to address the problems of using traditional metrics for landscape-change detection by applying them within the context of a movingwindow approach (Riitters et al. 2000 (Riitters et al. , 2002 Wade et al. 2003; Lung and Schaab 2006) . The moving-window approach has the advantage of generating a quantitative, spatial distribution of metric values that can be considered in landscape analysis. As a result, the moving-window approach can guide researchers and managers to specific areas of a landscape where large changes occurred and where evidence for understanding the process driving that change is most likely to be found. By examining the variability of landscape change, both spatially and quantitatively, we seek a better understanding of how changes in spatial arrangement following a large fire affect overall landscape pattern and prospects for ecological recovery, succession, and management of ponderosa pine ecosystems.
METHODS

Study Area
The study area is a portion of the Valle Vidal Unit of the Carson National Forest, New Mexico (Fig. 1) . Although this study is limited to a 9600 ha area owned by the U.S. Forest Service (see Fig. 1 ), it examines the effects of a large wildfire that burned over a much greater extent, affecting a number of land owners. The Ponil Complex fire burned over 37,000 ha of forest, scrub, and grassland in northwestern Colfax County, near Cimarron, New Mexico (36°30' N and 104°55' W) during June 2002. Colfax County spans a transition from the high plains in the east to the Sangre de Cristo Mountains immediately to the west. The town of Cimarron lies at an elevation of 1955 m, while elevation of the study area to the north varies between 2400 m and 2800 m (Fig. 1) . Average elevations are lower in the northeast of the study area and higher in the southwest. The temperature ranges from a January mean of 0.3°C to a July mean of 19.8°C. Annual mean precipitation is 45.5 cm. July and August are the wettest months, with each receiving 6.8 and 8.8 cm of precipitation, respectively (NCDC, 2004) .
The study area is dominated by ponderosa pine forest, which varies in mean density from approximately 130 trees/ha to 1800 trees/ha. Mixed scrub and meadows are also important vegetation types. Mixed-conifer forest occupies some northfacing slopes in the study area, but is rare, becoming more common at higher elevations outside the study area. The fire affected each of these vegetation types to varying degrees. High-severity, or stand-replacing, canopy-fire affected 2,270 ha, moderate-severity fire covered 2,250 ha, and 3,800 ha were affected by low-severity fire (Table 1) .
Data Collection and Processing
Ground reference data were collected in June 2003 (one year post-fire) on forest composition, structure, and fire severity to aid in the interpretation and accuracy assessment of vegetation and fire severity classes derived from Landsat ETM+ remote sensing data. Visual interpretation of aerial photography (USGS DOQQ, 1 m resolution viewed at approximately 1:5000) prior to examination of the ETM+ data suggested four structural vegetation types could be clearly delineated: herbaceous, low-density forest, intermediate-density forest, and high-density forest. Data collection plots were chosen in a stratified random sampling framework based on the delineated vegetation types. Following field work and analysis of ETM+ data, a scrub vegetation type was added to this classification. Ninety-two random points were mapped in all, although a total of 63 points was located in the field. The remaining points were not included because of inaccessibility due to terrain, location outside or on the edge of the study area, or constraints on time available for field work. Ground reference data collection plots were located in the field using a Garmin GPSmap 76S GPS. Each point was the center of a 10-meter-radius data collection plot. In each plot, all trees were counted and identified to species. Trees >3 cm dbh were measured and dbh was recorded. It was noted whether each tree was living or dead. If dead trees had most or all of their branches charred, the death was attributed to fire. Dead trees that could not be associated with fire were not used in estimating fire severity. Mean canopy height was calculated using the height of each tree (>3 cm) estimated using a meter tape and clinometer. All woody shrubs were identified and an estimate made of percentage of plot covered by each shrub type. Mean slope and aspect of each plot were measured using a clinometer and compass. Char height on tree stems was measured with a meter tape if less than 2 meters, otherwise it was estimated using a clinometer and meter tape. In each plot, the condition of herbaceous plants and shrubs was observed and the percentage of the plot covered by burned/unburned vegetation was estimated. These observations were used to place each plot into subjective fire severity classes.
Two cloud-free Landsat ETM+ images (14 October 1999, and 6 October 2002; WRS path/row 33/35) were used to categorize and map forest cover and fire severity. Landsat ETM+ reflective bands used for this analysis have a nominal resolution of 30 × 30 m covering a ground area of 900 m 2 . Both images were received from the United States Geological Survey radiometrically and geometrically corrected to National Land Archive Production System processing standards. All subsequent image processing was carried out with ERDAS Imagine 8.7 (Leica Geosystems, 2005) . Both images were normalized by converting raw digital numbers to at-sensor reflectance to control for image-to-image variation in sensor gain settings and solar position (NASA, 2009) . Image-to-image registration was carried out to minimize spatial errors between the two images using nearest neighbor resampling and a second-order polynomial function (RMSE was 15 m, as indicated by the secondorder polynomial model used in the ERDAS rectification tool).
The Normalized Burn Ratio (NBR) Benson, 1999, 2006) was calculated for each image. NBR is a standardized ratio of ETM+ bands 4 and 7:
NBR ranges from -1 to +1, where lower values are associated with areas of little vegetation and low moisture. Higher values indicate the presence of vegetation and wetter conditions. Temporal differencing of NBR (dNBR) subtracts pre-fire from post-fire NBR images (dNBR = NBR pre-fire -NBR post-fire ) so that areas unaffected by fire will have near-zero values while positive values indicate vegetation stressed or reduced in the post-fire image Benson, 1999, 2006; Miller and Yool, 2002; Weber et al., 2008) . Cocke et al. (2005) found dNBR to be sensitive to the
differential effects of fire on canopy, understory, and soils. It is recognized that year 0 imagery presents a different perspective on fire severity, compared to one or two years following a fire, due to a potential lag in tree mortality (e.g., Weber et al., 2009) . As a result, fire-severity categories were calibrated to observations of fire severity in the field one year following the fire to mitigate the problem of potential lag in tree mortality.
Image Classification and Accuracy
The 1999 and 2002 images were classified into 6 and 7 land cover classes, respectively, to represent vegetation structure and forest density ( Fig. 2 ; Table 2 ). The additional class for 2002 was a class for former vegetation completely removed by fire. While mixed-conifer forests differ in fire regime from ponderosa pine, the mixed-conifer stands are structurally similar to the high-density ponderosa pine stands, so are included as high-density forest in the vegetation cover classification and analysis described below. Unsupervised classification of vegetation structure and density for both images was performed using the iterative self-organizing data analysis (ISODATA) algorithm (Leica Geosystems, 2005) .
To map burn severity (Fig. 3) , dNBR values were classified into four fire-severity categories (see Table 1 ). Class boundaries were modified from Key and Benson's (2006) classification to better suit the class boundaries to this site and fire. Class boundaries (Table 3) were determined by comparing fire severity observed at field sites with dNBR values observed for those sites in the ETM+ data. To assess the accuracy of the vegetation classification, class assignments based on aerial photography were compared to the class assignments determined by unsupervised classification of the multiband remote sensing data (at least 50 points per class for forest classes and 30 points for the herbaceous and scrub classes). Overall accuracy of the pre-fire classification was 80.6% with a K hat statistic of 0.72. Overall classification accuracy of the post-fire image improved to 85.2% with a K hat statistic of 0.81. The assessment points used in the vegetation classification assessment (total of 210 points) were also assigned a fire severity class. The airphoto fire severity class assignment was compared to the dNBR classification to assess its accuracy. Overall accuracy for the fire severity classification was approximately 80% and the Kappa statistic was 0.72.
Analysis
Changes to the vegetation classification from 1999 to 2002 were examined using land-cover-change summary statistics, landscape-pattern metrics, and the movingwindow approach. The pre-fire proportions of each class in the landscape were calculated and compared to proportions of each class in the post-fire vegetation map. Class proportions were calculated as the number of pixels in each class divided by the total number of pixels in the study area. Class transitions were also examined by spatial overlay analysis of the pre-and post-fire classifications.
Metrics calculated were total number of patches (NP), patch density (PD), mean patch size (MPS), area-weighted mean patch size (AM), interspersion and juxtaposition index (IJI), total edge contrast (TEC), modified Simpson's evenness and diversity indices (MSEI and MSDI), and connectance index (CI) (Table 4) (Fragstats, 2009) . All landscape metrics computations were performed using Fragstats 3.3 (McGarigal et al., 2002) . Some metrics were calculated at the class level as well as the landscape level to assess differences in response to the fire among specific classes.
A moving-window approach was used to generate information on the spatial and quantitative variability of landscape pattern change. In addition to MPS and PD, patch richness (PR) and mean shape index (MSI) were each calculated using the moving-window method implemented in FRAGSTATS 3.3 (Fragstats, 2009) . PR is calculated as the total number of different patch types within the moving window. MSI is a measure of patch-shape complexity calculated as the perimeter of a patch divided by the minimum possible perimeter for a patch of the same size (number of pixels). MSI equals 1 for a maximally compact patch shape and increases as shape becomes more irregular (Fragstats, 2009) . Each metric was calculated for the area within the moving window, and the value assigned to the center pixel (focus) and stored in a new image file. The window moves pixel by pixel across and down the classified images until each pixel has served as the focus, with the exception of edge pixels. Edge pixels were any foci that caused the moving window to extend beyond the study-area boundary. Each of the metrics was calculated for the pre-and post-fire classified images separately. The resulting post-fire metric image was subtracted from the pre-fire metric image to calculate the metric change. Positive values in the resulting metric change images indicate an increase in the given metric, whereas negative values indicate a decrease.
A moving window size of 15 × 15 pixels was chosen because a window of this size is larger than 95% of the patches in the 1999 image. Using a window that is larger than 95% of all patches in the landscape allows us to identify areas of heterogeneity while also preserving areas of homogeneity that are associated with the largest, landscape-dominating patches. This approach results in a map of metric values that allows the visualization and analysis of a spatially derived statistical distribution of metric values across the landscape rather than summary statistics for the entire landscape. Dependence of the results on the window size remains a methodological issue within the moving-window analysis; however, moving window statistics can be calculated at any location in the landscape and, therefore, measure landscape pattern more continuously than patch-based metrics.
RESULTS
In the pre-fire image, there was little overall variation in tree-species composition across the Valle Vidal landscape. The majority of the landscape was ponderosa pine forest. The next most common species assemblage was herbaceous meadow. Meadows comprised about 13% of the total area and were concentrated in a few large, shallow depressions as well as along intermittent stream channels. Mixedconifer forest of ponderosa pine, Douglas fir (Pseudotsuga menziesii), and white fir (Abies concolor) covered roughly 10% of the landscape-although it was difficult to discriminate mixed-conifer forest from high-density ponderosa pine in the Landsat imagery because of its similar structure and tendency to be intermixed with ponderosa pine at this elevation range. Finally there was mixed scrub vegetation of Gambel oak (Quercus gambelii), juniper (Juniperus communis and J. scopulorum), mountain mahogany (Cercocarpus montanus), and ponderosa pine. Mixed scrub vegetation made up about 4% of the total area. There was greater spatial variability of density within the ponderosa pine stands than among the other vegetation communities. Density for ponderosa pine ranged from about 130 to 1800 stems/hectare in forest plots. Scrub and herbaceous areas were each structurally homogenous across the landscape.
HAYES AND ROBESON
Fire Severity and Post-Fire Land-Cover Change
The fire primarily burned ponderosa pine (and mixed-conifer) forest and mixed scrub between 2400 m and 2800 m elevation within the study area. All classes of fire severity occurred on a range of topographic positions and elevations. Highseverity, or stand-replacing, canopy fire affected 2270 ha, moderate-severity fire covered 2240 ha, and 3800 ha were affected by low-severity fire (see Fig. 3 ).
Area and distribution of vegetation classes were changed as an outcome of the Ponil Complex fire (see Fig. 2 ). The forest classes were affected most, whereas herbaceous and scrub were nearly unchanged. High-density forest changed most, from 52% to 10% of the landscape. Low-density forest was the only class to increase considerably, going from 20% of the landscape to 33%. The new, post-fire class, bare/unvegetated ground, was created by conversion of several pre-fire classes. Fifty-nine percent of the bare/unvegetated ground was formerly highdensity forest, 14% was intermediate-density forest, and 20% was low-density forest.
Landscape Metric Change
Changes in landscape composition and spatial pattern indicate a more heterogeneous landscape following the fire, with greater spatial diversity, more evenly distributed among patch types across the landscape (Table 5 ). The landscape changed from one dominated by a few extremely large patches to one dominated by more numerous large patches of more uniform size and varied composition (Fig. 4) . The patch size distribution before the fire was dominated by two extremely large patches of one class. The three largest patches in the landscape prior to the fire were 3285 ha (high-density forest), 569 ha (high-density forest), and 150 ha (herbaceous). There were only eight other patches larger than 100 ha. Following the fire the three largest patches were 1246 ha (burned/unvegetated), 433 ha (burned/ unvegetated), and 399 ha (low-density forest). There were 16 other patches larger than 100 ha after the fire and 6 of these were larger than 150 ha. Herbaceous, lowdensity forest, high-density forest, and burned/unvegetated types were represented in these 16 patches. Examination of spatial/compositional metrics indicated that the fire increased heterogeneity of the landscape in compositional diversity, but also that it reorganized the spatial associations of land cover types, which simplified the spatial pattern. The introduction of a new class, burned/unvegetated ground, played a role in this change, increasing average diversity and creating sharp edges throughout the landscape. The interspersion and juxtaposition index indicated that there was less intermixing of patch types across the landscape, suggesting greater uniformity of patch-type adjacencies. Edge contrast increased following the fire, with most burned/unvegetated patches being adjacent to one of the forest patch types. A few extremely large landscape-dominating patches were converted into a number of smaller patches of different types, leading to a more even distribution of area among patch types, with MSEI increasing from 0.6 to 0.7. There was a corresponding increase in landscape diversity, as measured by MSDI. The post-fire landscape was co-dominated by low-density forest and burned, unvegetated ground. These two patch types were the most self-connected after the fire, as measured with CI at the class level (Table 6 ). High-and intermediate-density forest became more rare and isolated following the fire. Low-density forest became more connected than any of the other vegetation classes. Connectance increased for all patch types except intermediate and high-density forest.
All forest classes decreased in number of patches and patch density. PD decreased the most for low-density forest (from 4.1 to 2.3 patches/100 ha). Lowdensity forest and scrub patch density decreased primarily due to patch expansion, while decreased patch density for other types was a result of fewer total patches.
Moving-Window Results
The moving-window analysis resulted in raster maps of landscape metric change (Fig. 5) . These maps visually describe the spatial distribution of landscape pattern change. One can see in these images that changes in landscape pattern were variable across the landscape. Some measures of pattern tended to form clusters of similar values, appearing to indicate high spatial autocorrelation, whereas some metrics appear to have less spatial dependency. This raster mapping also allows examination of the distribution of change values (Fig. 6) . All of the metrics examined here had high frequency of low change values, although the dispersion of the distributions varied.
The vast majority of the 15 × 15 (450 m × 450 m) window areas in the landscape were unchanged in MPS, although the mean change for the landscape was an increase of 0.45 hectares (Figs. 5A and 6A ). Where changes of MPS did occur, increases appear mainly due to pre-fire patches being converted into large patches of bare/unvegetated ground, whereas decreases in patch size were caused by large patches of high-density forest being split into multiple patch types by mixed-severity fire.
PD was nearly unchanged when averaged across the landscape, with a mean decrease of only about half of a patch (-0.48) per 100 ha (Figs. 5B and 6B) . Although change in PD is negatively associated with MPS at particular locations on the landscape, changes in patch density varied across the landscape. The patch density change map (Fig. 5B) showed several areas of clustered increases in patch (Figs. 5C and 6C ). This is contrary to the traditional landscape-level metrics, which suggested a general, greater increase in landscape diversity. The map of PR change values revealed areas of increase and decrease across the landscape, but there were clearly segregated clumps of extreme high and low values.
There were several areas with large increases in PR; however, it is the many individual occurrences of slight decreases and small areas of large decreases that best explain the landscape-level decrease in interspersion and juxtaposition of patch types seen at the landscape level (see Table 5 ). Change in MSI change varied across the landscape, but resulted in a mean change of only +0.02 (Figs. 5D and 6D ). MSI appears to be the least spatially dependent metric examined. Decreases in shape complexity tended to be spread somewhat evenly across the landscape. Larger patches of increased shape complexity were associated with mixed-severity, patchy fire patterns. The somewhat even spatial dispersion of decreased MSI suggested that there was not a strong association between decreased MSI and fire severity. It may be expected that highseverity fire would be associated with decreased shape complexity due to the tendency to form large patches of bare/unvegetated ground. The results suggest, however, that high-severity fire may have occurred in areas where shape complexity was already low, or that the fire, responding to environmental variation, created new patch shapes more reflective of underlying landscape ecological variability. 
DISCUSSION
The results of this research suggest two general themes. First, infrequent, large, severe forest fires that are outside the range of historic variability for southwest ponderosa pine forests may not always result in homogenized, low-diversity landscapes. Second, both gross land-cover change summaries and landscape metrics oversimplify analysis of landscape-pattern change following the Ponil Complex fire.
Contrary to expectation, the results of this study indicate a lack of net change in landscape spatial structure as measured by spatially integrated moving-window results. The traditional landscape and class-level metrics indicated greater levels of landscape change compared to the moving-window metrics, which all had nearly zero change from the pre-to post-fire landscape when averaged across the study area. Neither the traditional landscape-level metrics nor the averages of the moving-window calculations, however, provide a complete picture of landscape change. Rather, the spatial and quantitative distributions of the moving-window results inform the interpretation of traditional metrics and provide more explicit and useful information for understanding specific changes to landscape composition and spatial structure.
Severe forest fires typically homogenize forest landscapes, reducing spatial and compositional diversity. The implications of this study suggest, however, that the outcomes of some large, severe forest fires may be more complex. While heterogeneity may be reduced at a local scale, very large fires are likely to vary in their severity and therefore may also increase heterogeneity in some locations on the landscape. Due to variability in topography, fuels, wind, moisture, and other factors, fires may burn in a mixed-severity, patchy pattern, which can result in a patchy post-fire forest pattern. Patchiness in post-fire forest patterns may also be more likely to occur along the edges between fire severity classes. This burn-mosaic effect has been shown in lodgepole pine forests, particularly those of the greater Yellowstone National Park area (Romme, 1982; Turner and Romme 1994; Tinker et al. 2003) , but requires further investigation for ponderosa pine.
Although the general finding of this research is one of no change in the spatially averaged measures of landscape-scale pattern, the landscape experienced profound changes in forest-density cover. While 40% of the high-density forest experienced near-complete mortality, 33% of the high-density forest changed to low-density forest as a result of the fire. The remaining 15% of high-density forest was scattered across the landscape in small patches (see Fig. 2 ). Low-density forest also experienced important changes in distribution. Approximately 20% of lowdensity forest was converted to bare/unvegetated ground, yet because of decreases through mortality in moderate and high-density forest, low-density forest increased in area from 20% to 33% of the landscape.
CONCLUSIONS
Understanding and relating the spatial and ecological outcomes of large landscape-altering disturbances is complex, often simply because the size and variability of the disturbance are difficult to capture in a single analytical framework (Smithwick et al., 2007) . Two advantages of the moving-window approach used here are helpful in analyzing large landscapes. First, the moving-window approach provides quantitative information about the variability of metric change, which allows a greater understanding of the probability distribution of changes in spatial structure across the landscape. Second, the approach provides valuable spatial information about where metric values changed, and puts this information in the broader spatial context of the landscape. This allows much greater insight into the relationship between fire severity and ecological variables in both the pre-and post-fire landscapes.
Variability in fire severity and landscape metrics (and landscape metric change) will result in variability in forest recovery and succession following fires. More work on the differential effects of both landscape pattern and fire severity on forest recovery and succession are necessary. Although variation in "biotic response" (Turner et al., 1997) with fire severity has been reported, the case of ponderosa pine forest is not well understood (Crawford et al., 2001; Savage and Mast, 2005) . The question of ponderosa pine recovery and succession under modern fire regimes remains open. Many of the conditions that influence forest succession that were in place over a century ago-the climate, land use, wildlife, vegetation composition, and structure of the landscape-have changed. As a result, whether a pattern similar to the pre-fire landscape or a completely new pattern will emerge is uncertain. A number of questions regarding the interaction of fire and contemporary ponderosa pine forests are suggested. The primary questions entail the differential and interacting effects of fire severity and vegetation change. Which species are favored post-fire, how are they affected by differences in landscape pattern, and from where do they originate? Related questions are whether contemporary fires are more or less likely to push vegetation communities across thresholds, switching systems to dominance by different species or communities better adapted to the current disturbance regime.
A basic strategy for gaining a better understanding of the effects of fire and landscape pattern change on ponderosa pine forests would be to monitor recovery and succession in each of the various vegetation-structure areas and fire severity classes identified in this study. Particular areas of interest are post-fire successional trajectories in former forest (now bare ground), scrub vegetation, and forest converted by fire from high to low density. Paying attention to the relationship between vegetation recovery and spatial-pattern change can help inform future land management decisions about where particular practices should be employed in conservation efforts.
